The aim of this study was to encapsulate the steviol glycosides (SGs), derived from Stevia rebaudiana (Bert) Bertoni leaves, by applying a spray-drying method. The purpose was to minimize the bitter aftertaste of the SGs as well as to ameliorate/improve their properties. The encapsulation agents used were maltodextrin (19 DE) and inulin in a ratio of 80 : 20, while three levels of SGs in total solids (1.5, 2.5 and 3.5 %) were studied. The encapsulated SGs products were evaluated for their hygroscopicity, solubility, moisture content and microencapsulation efficiency (MEE %). Also, syrups prepared with encapsulated SGs, at 1 % w/v, were tested for their viscosity, refractive index, turbidity and sensory properties. Significant differences (P<0.05) in MEE %, moisture content, hygroscopicity and solubility values of the encapsulated SGs products were observed depending on the level of SGs in total solids. In particular, the MEE %, the hygroscopicity and the solubility values ranged from 62.36, 82.46 to 94.67 %, 21.51, 26.67 and 24.25 % and 99.93, 97.50 to 96.03 % for encapsulated SGs products produced with 1.5, 2.5 and 3.5 % SGs in total solids, respectively. The encapsulated product produced with 2.5 % steviol glycosides in total solids presented the most appealing sensory and quality characteristics.
Introduction
In recent years, interest has grown in the sweet steviol glycosides extracted from leaves of Stevia rebaudiana (Bert) Bertoni which can be used as alternatives to sugar. Steviol glycosides, compared to other synthetic sweeteners such as aspartame, saccharine, sucralose and acesulfame-K that are often regarded as either having an undesirable aftertaste or being linked to health concerns, can be a natural alternative sweetener (Hearn & Subedi, 2009; Guggisberg, Piccinali, & Schreier, 2011) . Stevia rebaudiana is a plant native from Paraguay and has been used as a herbal sweetener for a long time. Extracts derived from Stevia rebaudiana leaves show great potential as they are heat-stable and non-caloric, assist denCopyright ©2015 ISEKI-Food Association (IFA) 10.7455/ijfs/4.2.2015.a9 tal health by reducing the intake of sugar, open the possibility for use by phenylketonuria patients and obese persons, treat hypoglycaemia, candidasis, high blood pressure, and skin abrasions, and inhibit growth and reproduction of bacteria-like plaque (Geuns, 2003; Alupului, Calinescu, & Lavric, 2009) . Moreover, steviol glycosides (SGs) possess additional health benefits, as they can boost insulin production by pancreatic beta cells and increase glucose tolerance, thus being a suitable option for type II diabetics (Puri, Sharma, & Tiwari, 2011; Lemus-Mondaca, VegaGalvez, Zura-Bravo, & Ah-Hen, 2012) . The sweetness of Stevia rebaudiana is mainly attributed to two glycoside compounds: stevioside (4-13 % of dry leaf weight) and rebaudioside A (2 -4 %) which can be up to 200-300 times sweeter than sucrose (Garcia-Noguera, Weller, Oliveira, Rodrigues, & Fernandes, 2010) . However, the sensorial and physicochemical properties of these glycosides differ from one another. Rebaudioside A, which has an extra glucose unit relative to stevioside, is superior in terms of both sweetness and quality of taste, whereas pure stevioside usually produces a significant bitter aftertaste. The native ratio of stevioside: rebaudioside-A found in leaves of Stevia rebaudiana is usually about 2 and as a result, stevioside confers a characteristic bitter aftertaste to the extracts (Dacome et al., 2005; Lemus-Mondaca et al., 2012) . Nevertheless, steviol glycosides are unsuitable for use in food applications involving heating (such as baking, sterilisation and frying) or a controlled release of the sweet taste, since part of the molecule may undergo hydrolysis leading to a loss of sweet taste. In the case of sweeteners, microencapsulation is typically used to provide protection by offering resistance to high temperatures, to increase their fluidity and to prolong the sensation of sweetness by controlling their release (Loksuwan, 2007; Rocha-Selmi, Bozza, Thomazini, Bolini, & Favaro-Trindade, 2013) . The microencapsulation process basically consists of the preparation of an emulsion or dispersion that contains the encapsulating agent and the core material (sweetener), which is then dried, commonly using spray or freezedrying techniques (Lim, Tan, Bakar, & Ng, 2012) . Spray-drying is the most usual method for this purpose as it has a lower processing cost than freeze-drying (Dzondo-Gadet, Nzikou, Etoumongo, Linder, & Desobry, 2005) . The selection of the encapsulation agent is very crucial for an efficient encapsulation (Gharsallaoui, Roudaut, Chambin, Voilley, & Saurel, 2007) . Materials used in the food industry as encapsulating agents are classified into three major categories, namely carbohydrate polymers, proteins and lipids, where carbohydrate polymers are the most widely used (Sansone et al., 2011; Murugesan & Orsat, 2012) . Among them, maltodextrins are widely used as encapsulation agents (Reineccius, 1988) , since they possess a good compromise between cost and effectiveness (Apintanapong & Noomhorm, 2003) . Maltodextrins are produced by partial hydrolysis of starch with acid or enzymes, and they have the advantage of being low cost, while offering protection to flavour and fat by reducing oxygen permeability of the wall matrix. In addition, the storage stability of core materials increases as the maltodextrin dextrose equivalent (DE) increases (Anandaraman & Reineccius, 1987) . Therefore, maltrodextrin is an efficient and stable agent for encapsulation of natural products (Loksuwan, 2007; Sansone et al., 2011; Wang & Zhou, 2012) . Inulin, a mixture of oligo-and polysaccharides, is of great interest since it is often used as a bulking agent in the production of sugar-free products, and has an additional advantage of being a dietary fibre (Zahn, Forker, Kruegel, & Rohm, 2013) . The application of a spray-drying technique and the use of maltodextrin as the encapsulation agent can result in temperature resistant products which provide excellent characteristics for controlled release of a sweet taste (Sansone et al., 2011; Rocha-Selmi et al., 2013) . These features are fundamental to achieve the goal of this work, which is to develop a vehicle for progressive release of steviol glycosides thus reducing their bitter aftertaste. The aim of this study was to encapsulate the steviol glycosides (SGs) of Stevia rebaudiana in order to minimize their bitter aftertaste and ameliorate/improve their properties. Spray-drying was applied as the microencapsulation method, with maltodextrin (19 DE) and inulin as the encapsulating agents and use of three levels of steviol glycosides (1.5, 2.5 and 3.5 % in total solids). The encapsulated products were evalu-IJFS October 2015 Volume 4 pages 212-220 ated for hygroscopicity, solubility, moisture content and encapsulation efficiency, while the prepared syrups were tested for viscosity, refractive index, turbidity and sensory properties.
Materials and Methods

Materials
The steviol glycosides (SGs), containing stevioside (57.12 %) and rebaudioside A (24.78 %), derived from the plant Stevia rebaudiana Bertoni were generously donated by NL* Stevia and used as the core material. Inulin, IN, (Fibrulose F97) and maltodextrin, MD, from Waxy Maize (19 DE) were obtained from Astron Chemicals S.A. and Chemicotechnica S.A., respectively and used as the encapsulating agents. Rebaudioside A, RA, (98 % purity) was provided by NL* Stevia and used as a standard. All chemicals used were of analytical reagent (AR) grade.
Production of the spray-dried products
The methodology for production of the encapsulated products by spray drying is presented in Figure 1 . First, the encapsulating agents of inulin and maltodextrin (19 DE) were dispersed at 65°C for 15 min under constant stirring. Then, steviol glycosides (SGs) were added and mixed, using an homogenizer (Unidrive X 1000, CAT) for 5 min at 10,000 rpm (Ortiz et al., 2009; Chranioti & Tzia, 2013) , until complete dispersion of the solids was achieved. The resulting dispersion was fed to a laboratory spray dryer with a two fluid nozzle (B-191, Büchi Mini Spray Drier) which was operated under the following conditions: inlet air temperature (T in ): 160 • C, outlet air temperature (T out ): 88
• C, feed temperature: 60
• C, air pressure: 5 bar, aspirator: 90 %, pump: 40 % and compressed air flow rate: 500 L/h. The products in powdered form were collected at the bottom of the dryer's cyclone and were stored in glass bottles, which were held at room temperature, in a dry place, in the absence of light. Three formulations with different concentrations of SGs were examined: A: 1.5 %, B: 2.5 % and C: 3.5 %, while the ratio of maltodextrin to inulin (MD : IN) was maintained constant at 80: 20 in all formulations (Table 1) .
Analyses of encapsulated products
Moisture Content
The moisture content of the encapsulated products, the encapsulating agents (maltodextrin and inulin), and the sweeteners, steviol glycosides and sugar, was determined gravimetrically by oven drying at 100
• C to a constant weight (AOAC, 1973) .
Solubility
1 g of each sample was added to beakers containing 100 mL of distilled water, and stirred at 110 rpm for 30 min, before centrifuging at 4000 rpm for 5 min. Aliquots of each supernatant were then removed, transferred to previously weighed porcelain dishes, and dried to constant weight in an incubator at 100
• C. The dishes were weighed and the solubility was calculated from the difference in weight (CanoChauca, Stringheta, Ramos, & Cal-Vidal, 2005) .
Hygroscopicity
Approximately 1 g of each sample was placed in hermetic pots containing a saturated sodium sulphate solution (relative humidity of 81 %) and weighed again after 7 days. The hermetic pots were kept at 25
• C in an incubator, with controlled temperature. The hygroscopicity was expressed as grams of water absorbed by 100 g of sample (Cai & Corke, 2000) .
Microencapsulation efficiency (MEE %)
The microencapsulation efficiency (MEE %) of the spray dried products was based on their rebaudioside A (RA) content and calculated according to Rocha-Selmi et al. (2013) , as shown in equation 1. 
HPLC analysis
For the quantification of the RA, a HP 1100 Series gradient HPLC system (Agilent Technologies, USA) combined with quaternary pump, diode array detector (Hewlett-Pachard, Waldbronn, Germany) and data analysis software (ChemStation for LC3D Software, Agilent Technologies, Waldbronn, Germany) was employed.
A column (250 Ö 4.6 mm) packed with 5 µm particles Hypersil C18 (MZ Analysentechnik, Mainz, Germany) was used for the separation. The operating conditions for HPLC analysis were as follows: ambient temperature, acetonitrile-water (80: 20) as the eluting solvent at a flow rate of 1 mL/min and wavelength of UV detector, 210 nm. The standard curve of RA was prepared using concentrations of RA between 0.05 and 0.3 mg/mL. The standard curve was analysed using the linear least-squares regression equation derived from the peak area (regression equation y = 5,000,000x + 93.27, r = 0.998 where y is the peak area and x the concentration).
Sample preparation
To determine the encapsulated RA present in the products, 1 g of the sample was placed in a 20 mL screw cap test tube and was extracted by vortex mixing for 10 min, at ambient temperature, with 10 mL of 1:1 ethanol/water. The tube was subsequently centrifuged at 5000 rpm for 5 min and an aliquot of the supernatant was filtered through a 0.45 µm PTFE filter and used for quantification of the RA.
Syrup analyses
Syrups were prepared with the encapsulated SGs in water at 1% w/v. The so-prepared syrups were tested for viscosity, refractive index and turbidity. Sensory evaluation was also conducted.
Viscosity
Viscosities of the syrups were measured using Brookfield DV-II + Pro viscometer at 25
• C with a sample volume of 50 mL operating at 100 rpm using a spindle set of S61 (Kshirsagar, Yenge, Sarkar, & Singhal, 2009 ).
Refractive index
The refractive index of the syrups was determined in visible light, using a refractometer BOE 32400 ABBE, Boeco, Germany; range of measurement: 1.300-1.700, accuracy: ± 0.0002. The measurements were carried out at ambient temperature (Polychniatou & Tzia, 2014) .
Turbidity
The turbidity of the syrups was measured by a Turbimeter (Hach 2100 N, Loveland, Co, USA). For the measurement, 20 mL of the samples were poured into a glass cell while the temperature was set at 25
• C. The values of turbidity are given in NTU (Nephelometric Turbidity Units) which are the most common turbidity units.
Sensory evaluation
The sensory evaluation of the encapsulated SGs products, in the form of syrups, was carried out in the accredited (ISO 17025) sensory laboratory of NTUA, which is equipped with individual booths. The panellists had been trained in sensory analysis and had former experience in assessing sweetener samples. The evaluation of the spray dried products was carried out according to the literature (Pangborn, 1963; Parpinello, Versari, Castellari, & Galassi, 2001; Ye et al., 2013) with some modifications. In particular, the samples of encapsulated SGs products were dissolved in drinking water and diluted to a concentration of 1 g/100 mL, while sucrose as well as SGs were prepared with concentrations of 10 and 1 g/100 mL, respectively, and used as controls. The samples were served as 100 mL aliquots in 300 mL odour-free paper cups at room temperature (25
• C) and analyses were performed in individual tasting booths under normal lighting conditions. Panellists were instructed to rinse their palates between samples. The evaluated parameters were sweet intensity, bitter aftertaste and overall acceptance while the score scale applied was 0 (min) -5 (max) for sweet intensity and 0 a A: 1.5 %, B: 2.5 % and C: 3.5 % in steviol glycosides (min) -10 (max) for bitter aftertaste and overall acceptance, respectively.
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Statistical analysis
The experiments were carried out in triplicate. The resulting data was assessed by analysis of variance (ANOVA) using STATISTICA 7 (Statsoft Inc., Tulsa, USA). Duncan's test was used for significant differences at the probability level P < 0.05.
Results and Discussion
Characterization of encapsulated products
The microencapsulation efficiency (MEE %) varied from 62.36, 82.46 to 94.67 % for A, B and C formulations, respectively (Table 1) . Increasing the steviol glycosides content resulted in a higher MEE %. Significant differences (P<0.05) in the MEE % values of the encapsulated SGs products were observed at the different SGs levels in total solids. The moisture content values were within the expected range for sweetener powdered products (6.89 -7.99 %) as reported by other researchers (Rocha-Selmi et al., 2013) . The spray dried products were found to be less hygroscopic than the un-encapsulated SGs (Table 1). MD which makes up the large majority of the products is less hygroscopic. Therefore, the spray dried products had properties close to the major component. Also, it must be noted that this reduced hygroscopicity could enhance the stability of the products. 
Characterization of the produced syrup
The syrups prepared with the encapsulated SGs in water at 1 % w/v presented no significant differences in viscosity, refractive index and turbidity with respect to the SGs levels in total solids (Table 2) . In sensory evaluation, the formulation B with steviol glycosides content 2.5 % in total solids presented the highest overall acceptance (8.67). This sample was perceived as the most appealing sweetener, without overcoming the bitter aftertaste threshold (5) (Figure 2 ).
Conclusions
The results of this study show that the application of spray drying, with maltodextrin and inulin as encapsulating agents, is efficient in attenuating or masking the bitter aftertaste of steviol glycosides (SGs) products. The MEE % ranged between 62.0 to 95.0 % and the resulting encapsulated products presented varied properties, with the sample of 2.5% SGs level in total solids having the best quality characteristics and the most appealing sensorial ones. Also, the reduced hygroscopicity value contributed to products with improved stability.
